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Introduction
Soil organic matter (SOM) content and turnover are regarded as important
indicators of soil fertility. For crop production, it is of prime interest to
know which immediately beneficial effects these indicators have on land use
criteria such as crop yield, yield stability and environmental impact. The
significance of well-developed soil biological characteristics for successful
crop growth and yield is not quite clear, despite numerous studies on this
issue. With manure fertilization, increased SOM contents have been
observed in several field trials in central and Northern Europe, mostly
carried out under site conditions very similar to ours (Asmus et al., 1987;
Asmus, 1992; Garzand Stumpe, 1992; Neméth and Tóth, 1992; Kätterer
and Andrén, 1999). In some of these trials, crop yield and a variety of soil
characteristics have been evaluated. Higher SOM contents have been found
to have positive effects on yield and yield components of cereals (Görlitz
and Asmus, 1984; Schnieder, 1984; Görlitz, 1986) as well as on soil
density, pore volume and maximum water capacity (Asmus et al., 1987).
However, in a trial with generally high SOM contents (the lowest was
1.72% C), different humus contents had no significant effects on yield
when optimum mineral fertilization was applied (Stumpe et al., 1983).
The aim of the fertilization trial started at our institute in 1980 is
to study the long-term effects of manure and mineral fertilization. In
particular, the interplay of fertilization, soil fertility and crop yield is being
investigated. The results of two crop rotation periods, i.e. the last 8 years,
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(eds R.M. Rees, B.C. Ball, C.D. Campbell and C.A. Watson) 301are reported here. Attention focuses on the question of whether there are
fundamental differences between farmyard manure and mineral fertiliza-
tion as regards soil fertility indicators, crop yield and the soil’s function as a
carbon sink or source.
Materials and Methods
A long-term field trial on a sandy orthic Luvisol with 590 mm precipitation
per year and 9.5° C annual mean temperature is being carried out to
compare three types of fertilizer: (i) composted farmyard manure (CFM);
(ii) composted farmyard manure with application of all biodynamic
preparations (CFMBD); and (iii) mineral fertilization (MIN, i.e. calcium
ammonium nitrate, super phosphate and potassium magnesia). Production
and use of the preparations were described by Steiner (1924) for the first
time. Further details are given by, for instance, Koepf (1981). Each type of
fertilizer is applied at three different levels, corresponding to a total nitrogen
content of 60, 100 and 140 kg ha− 1 N to wheat and rye and 50, 100
and 150 kg ha− 1 N to potatoes. The nine treatments are implemented
identically in four replicates on four fields with four different crops. This
gives 36 plots in each of the four fields. Manure is applied before sowing or
planting, mineral fertilizer is applied to spring wheat and potatoes before
sowing and planting, and to winter rye in spring. To cereals, a part of the
nitrogen amount in the medium and high fertilization treatments (20 and
40 kg ha− 1 N) is applied during tillering as liquid manure in CFM and
CFMBD or as calcium ammonium nitrate in MIN. The legume crop
remains unfertilized in all treatments. The nutrient amounts applied yearly
with the mineral and manure treatments are listed in Table 4.10.1.
Straw of the MIN plots remains on the field, but is removed from the
CFM and CFMBD plots. Crop rotation is red clover (Trifolium pratense
L.), alternatively Persian clover (Trifolium resupinatum L.), spring wheat
(Triticum aestivum L.), potatoes (Solanum tuberosum L.) and winter rye
(Secale cereale L.). The trial has been under way with this design since
1985/86. It started in 1980 with the aim of investigating the effects of
fertilization on food quality (Abele, 1987). Therefore, from 1980 to 1984,
the trial had the same treatments at a higher level of manure fertilization
and a different crop rotation. Except for fertilization, all other elements of
cultivation are the same in all treatments and follow normal organic farming
practices. More details of the trial have been published earlier by Bachinger
(1996) and by Raupp (1996).
Where statistical requirements were fulfilled, analyses of variance were
calculated, taking type and level of fertilizer as fixed effects and replicates
and years as random. In the tables, mean values of the main effects with
different letters are significantly different (P < 0.05). The least significant
302 J. Rauppdifference (LSD) stated in Table 4.10.2 refers to the interaction between
fertilization type and level (P < 0.05). With the yield results of different
treatments, a bivariate correlation was calculated according to the method
described by Sokal and Rohlf (1995).
Results and Discussion
SOM content in topsoil was found to be higher with manure than with
mineral fertilization. Table 4.10.2 shows the latest available results of
1998, after 18 years of differentiated fertilization. The highest content was
observed in the treatment with biodynamic preparations. This level is
equivalent to the 1.05% Corg analysed by Abele (1987) with a mixed sample
of each field at the beginning of the trial in 1980. Thus, only the organic
fertilizer with biodynamic preparations was able to maintain SOM content
until the present day; applying the same quantities of organic matter but
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Fertilization
Low Medium High
N P K S N P K S N P K S
CFM
Solid 60 16 76 9 80 21 101 12 100 26 126 15
Liquid 0 0 0 20 1 33 40 2 66
CFMBD
Solid 60 17 81 9 80 23 108 11 100 29 135 14
Liquid 0 0 0 20 1 32 40 2 65
MIN 60 50 75 73 100 75 100 102 140 100 125 132
Table 4.10.1. Nutrient amounts (kg ha− 1) applied yearly with solid and liquid manure or mineral
fertilizer (phosphorus, potassium and sulphur amounts in CFM and CFMBD are averages of
5 years; the other values are constant every year).
Fertilization CFM CFMBD MIN Average
Low 0.83 0.95 0.79 0.86a
Medium 0.93 0.99 0.79 0.90b
High 0.98 1.07 0.80 0.95c
Average a0.91b a1.00c a0.79a LSD05 = 0.05
a,b,cMean value of either type or level of fertilization with different superscript letters are significantly
different (P < 0.05).
Table 4.10.2. Organic carbon content (% dry matter) in topsoil after 18 years of manure or
mineral fertilization (mean values of four fields in 1998).omitting the preparations gave lower Corg values. The effect of fertilization
levels depends significantly upon their type. Whereas increasing amounts of
mineral fertilizer had no effect upon SOM content, higher levels of manure
fertilization preserved higher organic carbon contents. Corg differentiation
set in during the first years of the trial between 1980 and 1983/84 (values
presented by Bachinger, 1996). In all treatments, Corg levels have now been
fairly constant for > 10 years.
Bachinger (1996) investigated soil microbial parameters in 1988–1991.
As an example, the results of 1989 are shown in Table 4.10.3. The treat-
ments with high and constant humus values also had the higher biological
activity. Protease and dehydrogenase activity as well as microbial biomass
(chloroform fumigation extraction) were more pronounced in the manure
than in the mineral treatments. A further study found higher amino acid
contents in the manure compared with the mineral treatments (Scheller
et al., 1997). This is an indication of the important role of farmyard manure
and amino acids for humus synthesis.
Crop yield (Table 4.10.4) did not show the same pattern as soil para-
meters. Whereas spring wheat gave the same yield with all types of fertilizer,
winter rye had 33% and potatoes 10% higher yields with mineral than with
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Fertilization CFM CFMBD MIN Low Medium High
PA1 0.27b 0.26b 0.20a 0.25a 0.25a 0.23a
Cmic
2 34.9b 37.8b 26.1a 30.6a 34.1a 34.2a
DHA3 109.1b 121.9c 75.9a 94.5a 103.8a 108.6a
a,b,cMean values within a half-row with superscript different letters are significantly different
(P < 0.05).
1Protease activity (mg g− 1 Tyr); method of Ladd and Butler (1972).
2Microbial biomass (SIR; mg 100 g− 1 C); method of Anderson and Domsch (1978).
3Dehydrogenase activity (µ g 10 g− 1 TPF); method of Thalmann (1967).
Table 4.10.3. Averages of soil microbiological parameters in topsoil by type and level of
fertilization; results of 1989 (Bachinger, 1996).
Fertilization CFM CFMBD MIN Low Medium High
Winter rye 28.3a 29.8a 37.7b 28.1a 31.7b 36.1c
Spring wheat 38.9a 39.3a 41.0a 36.8a 40.2b 42.2c
Potatoes 247a.9 262b.9 271b.9 230a.9 262b.9 288c.9
a,b,cMean values within a half-row with different superscript letters are significantly different
(P < 0.05).
Table 4.10.4. Crop yield (dt ha− 1) by type and level of fertilization, averages of the 1992–1995
and 1996–1999 crop rotation periods.manure fertilization, compared with CFM. The biodynamic preparations
increased potato yields by 15 dt ha− 1 (6%) on average over all years. Higher
levels of fertilization influenced yields positively with all crops. Basically,
the yields reflect the specific nitrogen demand of each crop at various
growth stages in combination with the different nutrient availability of
organic or mineral fertilizer in those stages. Spring wheat, cultivated in the
year after the legume crop, generally may have the benefit of a favourable
position in the crop rotation. This may explain why there was no yield
difference between manure and mineral fertilization.
The yields of all crops are not very high and varied considerably from
year to year, most likely because of the extreme site conditions: a sandy
soil and dry-warm climate with drought from May to July in most years.
Irrigation is possible, but only at low levels of 20–60 mm year− 1 because of
the limited capacity of our equipment. In cereals, the occurrence of weeds
depended on fertilization, but did not explain the yield differences between
treatments (Raupp et al., 1998). Severe pest or disease problems only arise
with potato late blight in some years, causing more severe infestation in
mineral treatments, and by colorado beetle. In spring wheat, yield stability,
i.e. fluctuation over the years, differed between organic and mineral
fertilization. Figure 4.10.1 shows the correlation between the yields of the
mineral and manure treatments (in both cases at a high fertilization level)
over the last 14 years. If the yield difference is the same over the entire yield
range, the slope of the major axis of the ellipse should be at 45° , i.e. not
significantly different from 1. However, the slope is < 1 for the medium and
high fertilization level (P < 0.05; Table 4.10.5). Thus, under good growth
conditions, minerally fertilized wheat yielded more than manure fertilized
wheat. However, yield declined much more in years of poor conditions. In
these years, the plant–soil system with manure fertilization seems to be able
Manure Fertilization for SOM Maintenance 305
70
60
50
40
30
20
10
10 20 30 40 50 60 70
C
F
M
 
(
d
t
 
h
a
−
1
)
MIN (dt ha− 1)
Fig. 4.10.1. Bivariate correlation
between spring wheat yields with the
high level of mineral fertilization and of
composted farmyard manure (results
of four replicates and 14 years, n = 55;
confidence ellipse for P < 0.05).to compensate for poor environmental conditions and yielded up to 10 dt
ha− 1 more than the mineral treatments. Possible compensation mechanisms
may include increased root growth with manure fertilization (reported by
Bachinger, 1996 for CFMBD) or modified morphological characteristics
and yield components (studied by Boemer-Schulte, 1992 in this trial).
With respect to global climate change, currently there is a debate on
whether soils can be either a source or a sink of atmospheric carbon dioxide
(IPCC, 1996; GACGC, 1998). The issue of which conditions can switch a
source to a sink and vice versa is of special interest. A recent study in
the USA reported that SOM is increased by organic farming methods
(Drinkwater et al., 1998). The authors describe organically managed soils
as a substantial carbon sink for carbon dioxide from the atmosphere. The
manure treatments in our trial contain 3.6–8.4 t ha− 1 more carbon in the
topsoil than the corresponding minerally fertilized plots. These differences
are several times higher than those reported in the USA study. However, in
contrast to the American experiment, the Corg differences in our trial are the
outcome of varying degrees of reduction, not of humus accumulation. Even
the soil fertilized with farmyard manure was a carbon source, though to a
much lesser extent than the minerally fertilized soil. Carbon losses could
only be avoided when farmyard manure application was combined with the
biodynamic preparations. Probably the effect of a treatment depends upon
the pre-history of the soil. We intend to investigate this matter in more
detail, although its relevance to the atmospheric carbon dioxide budget is
limited.
References
Abele, U. (1987) Produktqualität und Düngung – mineralisch, organisch,
biologisch-dynamisch. Angewandte Wissenschaft, Heft 345, Hiltrup, Münster.
Anderson, J.P.E. and Domsch, K.H. (1978) A physiological method for the
quantitative measurement of microbial biomass in soils. Soil Biology and
Biochemistry 10, 215–221.
306 J. Raupp
Fertilization Major axis regression Confidence limits for the slope b
Low Y1 = 5.786 + 0.815 Y2 0.596 < b < 1.092
Medium Y1 = 16.925 + 0.550 Y2 0.333 < b < 0.816
High Y1 = 15.956 + 0.620 Y2 0.416 < b < 0.868
Table 4.10.5. Bivariate correlation between spring wheat yields with composted farmyard
manure (Y1) and mineral fertilization (Y2) at three fertilization levels; results of four replicates and
14 years, n = 55 (P < 0.05).Asmus, F. (1992) Einfluß organischer Dünger auf Ertrag, Humusgehalt des Bodens
und Humusreproduktion. Berichte über Landwirtschaft, Sonderheft 206,
127–139.
Asmus, F., Kittelmann, G. and Görlitz, H. (1987) Einfluß langjähriger organischer
Düngung auf physikalische Eigenschaften einer Tieflehm-Fahlerde. Archiv für
Acker- und Pflanzenbau und Bodenkunde 31, 41–46.
Bachinger, J. (1996) Der Einfluß unterschiedlicher Düngungsarten (mineralisch,
organisch, biologisch-dynamisch) auf die zeitliche Dynamik und die räumliche
Verteilung von bodenchemischen und -mikrobiologischen Parametern der
C- und N-Dynamik sowie auf das Pflanzen- und Wurzelwachstum von
Winterroggen. PhD thesis, University of Gießen; Schriftenreihe Band 7,
Institut für biologisch-dynamische Forschung, Darmstadt.
Boemer-Schulte, I. (1992) Morfologiska undersökningar i vårvete. Interna
Publikationer 8, Institut för vextodlingslära, Uppsala.
Drinkwater, L.E., Wagoner, P. and Sarrantonio, M. (1998) Legume-based
cropping systems have reduced carbon and nitrogen losses. Nature 396,
262–265.
GACGC, German Advisory Council on Global Change (1998) The Accounting
of Biological Sinks and Sources under the Kyoto Protocol–AS t e pF o r w a r d so r
Backwards for Global Environmental Protection? Special Report, Bremerhaven.
Garz, J. and Stumpe, H. (1992) Der von JULIUS KÜHN begründete Versuch
‘Ewiger Roggenbau’ in Halle nach 11 Jahrzehnten. Kühn-Archiv 86, 1–8.
Görlitz, H. (1986) Untersuchungen über den Einfluß der Humusversorgung des
Bodens auf die Komponenten der Ertragsstruktur und den Ertrag. Tagungs-
Bericht der Akademie der Landwirtschafts-Wissenschaften DDR 248, 115–124.
Görlitz, H. and Asmus, F. (1984) Einfluß des Humusgehaltes und Nachwirkung
der organischen Düngung auf das Niveau des Getreideertrages auf sandigen
Böden. Tagungs-Bericht der Akademie der Landwirtschafts-Wissenschaften DDR
219, 179–186.
IPCC, Intergovernmental Panel on Climate Change (1996) Revised 1996 IPCC
Guidelines for National Greenhouse Gas Inventories, Vol. 3, Reference Manual.
Kätterer, Th. and Andrén, O. (1999) Long-term agricultural field experiments in
Northern Europe: analysis of the influence of management on soil carbon
stocks using the ICBM model. Agriculture, Ecosystems and Environment 72,
165–179.
Koepf, H.H. (1981) The principles and practice of biodynamic agriculture.
In: Stonehouse, B. (ed.) Biological Husbandry. A Scientific Approach to Organic
Farming. Butterworths, London, pp. 237–250.
Ladd, J.N. and Butler, J.H.A. (1972) Short-term assays of soil proteolytic enzyme
activities using protein and dipeptides derivates as substrates. Soil Biology and
Biochemistry 4, 19–30.
Neméth, I. and Tóth, B. (1992) Die Wirkung von Stallmist und Mineraldüngung
auf den Pflanzenertrag und auf die biologische Aktivität des Bodens in einem
31jährigen Dauerversuch in Keszthely. Symposium Dauerfeldversuche und
Nährstoffdynamik, UFZ Leipzig-Halle, pp. 148–153.
Raupp, J. (1996) Quality investigations with products of the long-term fertilization
trial in Darmstadt. In: Raupp, J. (ed.) Quality of Plant Products Grown with
Manure Fertilization. Proceedings of the 4th Meeting Fertilization Systems in
Manure Fertilization for SOM Maintenance 307Organic Farming. Publications Institute for Biodynamic Research, Vol. 9,
Darmstadt, pp. 13–33.
Raupp, J., Schnieders, K. and Runge, M. (1998) Ackerwildkrautvegetation in
Sommerweizen und Winterroggen bei langjähriger Rottemist- oder
Mineraldüngung. Zeitschrift für Pflanzenkrankheiten und Pflanzenschutz,
Sonderheft 16, 57–65.
Scheller, E., Bachinger, J. and Raupp, J. (1997) Einfluß von Mineraldüngung und
Stallmist auf die Aminosäurengehalte im Oberboden und auf den
Humusaufbau im Darmstädter Düngungsvergleichsversuch. In: Köpke, U.
and Eisele, J.-A. (eds) Beiträge 4. Wissenschafts-Tagung zum Ökologischen
Landbau, Bonn. Verlag Dr. Köster, Berlin, pp. 63–69.
Schnieder, E. (1984) Untersuchungen über den Einfluß unterschiedlicher
Humusgehalte auf den Pflanzenertrag eines Sandbodens. Archiv für Acker- und
Pflanzenbau und Bodenkunde 28, 59–66.
Sokal, R.R. and Rohlf, F.J. (1995) Biometry. The Principles and Practice of Statistics in
Biological Research, 3rd edn. W.H. Freeman and Company, New York.
Steiner, R. (1924) Geisteswissenschaftliche Grundlagen zum Gedeihen der
Landwirtschaft. 8 lectures 1924, 5th edn. Steiner Verlag, Dornach (1975).
Stumpe, H., Garz, J. and Hagedorn, E. (1983) Einfluss unterschiedlicher
Humusgehalte des Bodens auf die Erträge der Kulturpflanzen. Archiv für
Acker- und Pflanzenbau und Bodenkunde 27, 169–175.
Thalmann, A. (1967) Über die mikrobielle Aktivität und ihre Beziehungen
zu Fruchtbarkeitsmerkmalen einiger Ackerböden unter besonderer
Berücksichtigung der Dehydrogenaseaktivität (TTC-Reduktion). PhD thesis,
University of Giessen, Germany.
308 J. Raupp